. Crystal data and structure refinement.
Compound
Cu ( 117.60 (7) C8-C6-C5 120.0 S3 2 -Cu1-S3
117.60 (7) C3
122.0(8) Supplementary Fig. 1 ) which is derived from a μ 3 -bridging HO-C 6 H 4 -SH and three Cu(I). Cu(I) ions are simultaneously coordinated with three S. The most remarkable feature in Cu(SPh-OH) is that Cu ions are linked through S atoms giving rise to a {CuS} graphene-like layer, which is rarely discovered in coordination chemistry. Supplementary Figure 13 . XPS spectra of Ag(SPh-OH). a. Ag 3d region for Ag(SPh-OH); b. C 1s region for Ag(SPh-OH); c. O 1s region for Ag(SPh-OH); d. S 2p region for Ag(SPh-OH). Ag 3d spectrum of it has two obvious peaks which correspond to Ag 3d 5/2 at 368.5 eV and Ag 3d 3/2 at 374.5 eV. The silver in the compound is monovalence. Figure 14 . XPS spectra of Ag(SPh-NH 2 ). a. Ag 3d region for Ag(SPh-NH 2 ); b. C 1s region for Ag(SPh-NH 2 ); c. N 1s region for Ag(SPh-NH 2 ); d. S 2p region for Ag(SPh-NH 2 ). Ag 3d spectrum of it has two obvious peaks which correspond to Ag 3d 5/2 at 368.5 eV and Ag 3d 3/2 at 374.5 eV. The silver in the compound is monovalence. Figure 15 . XPS spectra of Ag(SPh-OMe). a. Ag 3d region for Ag(SPh-OMe); b. C 1s region for Ag(SPh-OMe); c. O 1s region for Ag(SPh-OMe); d. S 2p region for Ag(SPh-OMe). Ag 3d spectrum of it has two obvious peaks which correspond to Ag 3d 5/2 at 368.3 eV and Ag 3d 3/2 at 374.3 eV, which indicates that the silver in the compound is mono-valance. Figure 16 . XPS spectra of Ag(SPh-F). a. Ag 3d region for Ag(SPh-F); b. C 1s region for Ag(SPh-F); c. F 1s region for Ag(SPh-F); d. S 2p region for Ag(SPh-F). Ag 3d spectrum of it has two obvious peaks which correspond to Ag 3d 5/2 at 368.3 eV and Ag 3d 3/2 at 374.3 eV. The silver in the compounds is monovalence. Figure 17 . XPS of Ag(SPh-COOH). a. Ag 3d region for Ag(SPh-COOH); b. C 1s region for Ag(SPh-COOH); c. O 1s region for Ag(SPh-COOH); d. S 2p region for Ag(SPh-COOH). Ag 3d spectrum of it has two obvious peaks which correspond to Ag 3d 5/2 at 368.5 eV and Ag 3d 3/2 at 374.5 eV. The silver in the compound is monovalence. Figure 18 . XPS of Au(SPh-COOH). a. Ag 3d region for Au(SPh-COOH); b. C 1s region for Au(SPh-COOH); c. O 1s region for Au(SPh-COOH); d. S 2p region for Au(SPh-COOH). The peaks at the binding energy 85.0 eV for Au 4f 7/2 and 88.6 eV for Au 4f 5/2 are derived from the mono-valence Au atom. Figure 19 . FT-IR spectra of OMCs. The vibration bands of Ph unit at 1400-1590 cm -1 can be observed in all OMCs. In Cu(SPh-OH) and Ag(SPh-OH), there are ν(OH) bands at 3250-3750 cm -1 . Meanwhile, for Cu(SPh-COOH), Ag(SPh-COOH), and Au(SPh-COOH): antisymmetric vibrations of C=O is present at about 1685 cm -1 . For Ag(SPh-NH 2 ), two characteristic peaks at 3300-3500 cm -1 are the stretching vibration of -NH 2 . For Ag(SPh-OMe), the characteristic peak of -CH 3 stretching is present at 2870-3005 cm -1 . For Ag(SPh-F), the strong peak at 1237 cm -1 belongs to the stretching vibration of C-F. UV-Vis diffused reflectance spectra of OMCs in the wavelength range from 200 to 800 nm are shown in Supplementary Fig. 33 . Experimental data of diffuse reflectance were converted to absorption coefficient values F(R) according to the Kubelka-Munk equation:
Supplementary

The theory of the interband optical absorption shows that at the absorption edge, the absorption coefficient of a semiconductor can be expressed as：
where A is a constant, E g is the band-gap of allowed transitions (eV), h is the Planck's constant (6.626× 10 -34 J s), v is the frequency of the light (s -1 ), and the exponent n is a number characterizing the transition process, which usually depends upon the transition type, n = 2, 2/3, 1/2, and 1/3 denotes to allowed direct, forbidden direct, indirect and forbidden indirect transitions, respectively. From the analysis, we take n = 2 (direct) for OMCs. Therefore, a transformed Kubelka-Munk function can be constructed by plotting [F(R ∞ )] 2 against the energy of excitation source to obtain the band-gap of OMCs. The convert curves were fitted by a Boltzman sigmoidal equation and the band gap values were obtained by the x-axis intercept of the line tangent to the inflection point of the curve. Supplementary Fig. 33 reports the transformed reflectance as a function of the photon energy for the OMCs. The values show a progressive change with different of metal ions and substituent groups of the ligands. Figure 34 . UPS data of (a) Cu(SPh-OH), (b) Cu(SPh-COOH), (c) Ag(SPh-NH 2 ), (d) Ag(SPh-OH), (e) Ag(SPh-OMe), (f) Ag(SPh-F), (g) Ag(SPh-COOH) and (h) Au(SPh-COOH).
The work function (Φ) and the difference between Fermi level and valence band (E F -E v ) of OMCs can be extracted from ultraviolet photoelectron spectroscopy (UPS) measurement (light source He I, 21.22 eV). The UPS signal at the higher binding energy corresponds to the photoemission cut-off from which Φ can be extracted. The UPS onset at the lower binding energy corresponds to electrons photo-emitted from the top of the filled state, from which the difference between Fermi level and valence band (E F -E v ) can be extracted. For example, for Cu(SPh-OH) in Supplementary  Fig. 34a , the work function and E F -E V were 3.89 eV and 1.11 eV, respectively. Given its optical band gap of 2.51 eV, the absolute position of the valence-band maxima (E V ) and conduction-band minima (E C ) in Cu(SPh-OH) are calculated to be 5.00 eV and 2.49 eV, respectively, below the vacuum level. Figure 35 . More detail information about DFT calculation result of Cu(SPh-OH).
The band structure of Cu(SPh-OH) features a direct bandgap of 1.44 eV. In comparison with Cu(SPh-OH), the band structure of Ag(SPh-OH) features a direct bandgap of 1.95 eV and the band structure of Au(SPh-COOH) features an indirect bandgap of 2.19 eV. The band decomposed charge density at the Gamma (G) point was calculated to check the electronic contribution of each element. As shown in Supplementary Fig. 35-37 , for Cu(SPh-OH), Ag(SPh-OH) and Au(SPh-COOH), the VBM/CBM band at the G point are mainly constructed by the M-d orbitals and S-p orbitals. However, it is also found that the C atom which is directly bonded to S also has little contribution to the VBM/CBM band. The relative magnitudes of their bandgaps (E gap (Au[SPh-COOH]) > E gap (Ag[SPh-OH]) > E gap (Cu[SPh-OH])) agree well with the order of the metals' relative electronegativities, i.e., χ(Au) > χ(Ag) > χ(Cu), which originates from their increasingly localized d orbitals of the IB group elements going down the periodic table. trilayer; Experimental IPs and EAs (derived from UPS and UV-Vis absorption spectra) of Cu(SPh-OH), Ag(SPh-OH) and Cu(SPh-COOH).
(eV)
Cu ( Figure 45 . DFT calculations on the electrostatic potentials of Cu(SPh-OH) with single layer, bilayer and trilayer. Figure 46 . DFT calculations on the electrostatic potentials of Ag(SPh-OH) with single layer, bilayer and trilayer.
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